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Talk Outline

1) General introduction to PADs.

2) Recent work on analog PADs
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Whatis a PAD?

1) Each pixel has it own electronics.

2) Direct conversion of X-rays to
electrical signals in the pixel.
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NTM  A3206 (1993) (44 -1 49
First beam test results from a monolithic silicon pixel detector
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SILICON PIN DIODE ARRAY HYBRIDS FOR CHARGED PARTICLE DETECTION *
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Particle
Direction

Indium Bumps
Typical

~ Silicon PIN Diode Hybrid Array used for Charged Particle Detection.




Diode Detection Layer

e Materials:
e Silicon
e Germanium
e GaAs
e CdTe

e Collection efficiency approaches
100% for high-grade materials.

e Large depth-to-width pixels are
feasible.

e PSF is nearly ideal.

e Superb charge production
statistics. Si: Fano Factor = 0.1;
3.65 eV/e'-hole pair => Thousands
of charges/x-ray, not tens.

e Collection speed is nsec.
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CMOS Layer

Integrating:
e High instantaneous count-rate

capability. Well suited for
imaging.

e Flash (sub-microsecond) or push-
pull mode (msec) modes.

Photon Counting:

e Discrimination used.

e Some energy resolving capability.
e Very wide dynamic range.

Hybrid Integrating and Counting.

FUNCTIONAL CHANGES
ARE EASY TO

IMPLEMENT
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KEY PAD Attributes

e Significant problems have to
be solved (rad. damage;
packaging; etc.). But once
solved, new detectors can be
made mostly by changes in
CMOS layer and external
electronics.

e Problems are engineering, not
new materials science.

e Most aspects of PAD
technology being pushed by
commercial applications.

e CMOS vendor list is growing.
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PAD-Enabled Experiments

. Laue diffraction.
. Fine-sliced crystallography.
. Crack propagation and

destructive analysis.

. Time-resolved diffraction.
. Experiments which involve time

structure of the ring.

. Experiments which benefit from

local in-pixel processing:
e L.ocal background subtraction
e Autocorrelators

e Local lock-in and phase
sensitive methods

e Time discriminators
e Energy discrimination
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(Linearized Capacitors)
15 x 13.8 mm? active area
150 um square pixel

wafer (SINTEF)
120 um solder bump bond

1.2 um HP CMOS process (MOSIS)
(GEC-Marconi)

300 um thick, high resistivi
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Saw ‘tooth

3 teeth at edge of blade
1000 x-rays/pixel/us (8.9 keV)
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Blade @ 6000 RPM

5 us integration
0.3 pixel/us motion
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INTECTOR MoVIE
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